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Design and Fabrication of a Seawater Test Chamber 

at 

Chicago Bridge and Iron Company (A) 



Underwater exploration of the sea is the next major challenge to 
be met by man. Many Federal Government Agencies are interested in this 
subject, and funds have been appropriated to launch several large scale 
test programs. 

Early in 1965, the Arctic Sciences and Technology Division of the 
United States Navy Electronics Laboratory at San Diego, California, asked 
CB&I* to bid on the design and fabrication of a seawater experimental 
test chamber. The vertically standing test chamber was to be used by the 
Laboratory to conduct experiments simulating deep arctic sea conditions. 
The vessel was to be of cylindrical construction with an inside diameter 
of 50 to 60 inches and a working length of 120 inches. It was to have a 
hemispherical fixed end closure and a removable, fast acting top end 
elosure. The internal working pressure range was specified as 5,000 to 
10,000 psig, while the working temperature range was given as 28°F to 80°F, 



* 



CB&I is the abbreviation for Chicago Bridge and Iron Company. 



(c) 1968 by the Board of Trustees of the Leland Stanford Junior University. 

This case was prepared by Professors Karl H. Otte and Otto E. Widera of the 
University of Illinois, at Chicago Circle during the 1967 Summer Institute 
on Case Methods. The Institute was supported by the National Science Founda- 
tion and held at the University of Illinois in Chicago. The cooperation of 
Messrs. Rober Reedy, Lester Pheiffer and Ewald Schmitz of CB&I is gratefully 
acknowledged. 
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Chicago Bridge and Iron Company 

CB&l's history goes back to its founding in 1889, initially as 
a bridge building firm in Chicago. Some five years later, the Company 
branched into the steel plate field designing, fabricating and 
constructing round and elevated steel tanks for water storage. Bridge 
building was discontinued prior to World War I as opportunities grew 
in steel plate work. With the discovery of great oil fields in the 
1920 f s, CB&I quickly established itself as a leading supplier to the 
industry. It designs and builds every conceivable type of storage 
tank and processing structure. A continuous program of research and 
development subsequently led CB&I into many other fields. The company, 
for example, has designed, engineered, fabricated and constructed 
complete space simulation systems, nuclear containment vessels, cryogenic 
storage vessels and evaporator systems for the pulp and paper industry. 
CB&I and its domestic and foreign subsidiaries had sales for 1966 
exceeding 300 million dollars. 

The research and development work of the Company is directed from 
Oak Brook, Illinois. Separate groups are devoted to chemical processes, 
vacuum technology, cryogenics, electronics and other studies at Company 
laboratory and pilot plant facilities in Plainfield, Illinois. A welding 
and metallurgical laboratory is located in Oak Brook. Also headquartered 
at Oak Brook is the Development and Technical Consulting group. This 
group is responsible for developing new products, finding new uses for 
current products and improving existing designs. Regional engineering 
staffs handle work associated with individual contracts at all major plants. 

The major manufacturing facilities of the Company are located at 
Chicago, Birmingham, Salt Lake City, Houston and Greenville, Pennsylvania. 
In addition to heavy presses, planers, plate rolls and other shop equipment, 
most of these plants have stress-relieving furnances, radiographic machines, 
and facilities for the acid pickling of steel to remove mill scale. 
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Much of the equipment was specially designed by Company engineers and 
was fabricated in Company shops to do a specific job. Each of the major 
plants also has a staff of engineers as well as welding and metallurgical 
research facilities. 

Field construction is the final phase of CB&I's service. The Company 
often has as many as 200 construction crews active at one time building a 
variety of structures anywhere in the world. All are equipped with the 
tools necessary to perform such functions as materials handling, welding, 
x-raying, stress relieving and testing. Technical assistance and designs 
for special equipment are provided to all field crews by the General 
Construction engineering staff at Oak Brook. 

MULTILAYER Vessels 

In February of 1963, CB&I acquired exclusive rights from A. 0. Smith 
Corporation of Milwaukee, Wisconsin, to manufacture and sell MULTILAYER 
Vessels in the United States and Canada. These rights include technical 
assistance from A. 0, Smith experts as well as patents and machinery 
relating to the production of MULTILAYER Vessel. 

The MULTILAYER Vessel derives its name from the multiplicity of 
layers of steel, which make up the wall. Exhibit A-l shows the principal 
construction features. The inner shell is the innermost band of the 
vessel and is fabricated in the same manner as any solid wall vessel. If 
corrosion protection is required, the inner shell may be fabricated of 
solid nonferrous plate or conventional clad plate with alloy on carbon 
steel or low alloy backing. The seams are radiographed and, with internal 
roundout rings installed, stress relieved prior to the wrapping of 
subsequent layers. The thickness of the inner shell is normally a function 
of vessel diameter and varies from 3/8" to 1" in thickness. Each layer 
is progressively wrapped around the inner shell by mechanical means, and 
the longitudinal seam butt welded. Layers are normally 1/4" or 9/32" thick. 
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All layer longitudinal welds are staggered relative to each other and 
ground flush prior to application of the subsequent layers. The ends of 
the MULTILAYER shell sections are machined scarfed for welding to adjoining 
shell sections and closures. 

As Exhibit A-l illustrates, the inner shell is pressure tight. The 
load bearing layers are vented to the outside. If a leak should develop 
in the inner shell, through exposure to corrosive elements or other 
operating conditions beyond the design capability, the process fluid or 
gas would be vented through the layer vents for immediate detection and 
corrective action before a serious failure could occur. 

The combination of the wrapping load imposed during fabrication of 
the MULTILAYER shell by the wrapping machine and the weld shrinkage of 
the longitudinal layer seams provides desirable stress distribution for 
working pressures anticipated in the operation of the vessel. The 
MULTILAYER construction provides flexibility and welding requirements 
are only those of thin wall shells. In welding the girth seams, the 
layers immediately above the top of the weld as it is being built up 
do not conform to the shrinkage of the weld layer immediately below. 
This has the effect of having the weld shrinkage longitudinally affect 
only one layer at a time except at the longitudinal seam where a maximum 
of two layers are affected. The resultant shrinkage stress is only a 
fraction of that developed in solid wall vessels. Weld shrinkage in the 
circumferential direction is controlled by peening and induces desirable 
compressive stresses in the weld metal similar to those which are inherent 
in the MULTILAYER shell construction. Stress relieving of the MULTILAYER 
vessels, therefore, is not required. Also, it is desirable to retain the 
built-in compressive stresses for better stress distribution. 

The thin plate metallurgy provides uniform properties across the 
full shell regardless of thickness, and compares with the possible 
variable properties of heavy heat treated shell plates. Also, the use 
of multiple layers not only resists initiation of failures but also 
serves to prevent propagation into adjacent layers. Should fracture 
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occur in any layer, the load is shifted to the other layers without 
compounding or magnifying the force. Initiation would occur in other 
layers only if the pressure force is sufficient to burst the full 
thickness. Since the operating pressure is well below the bursting 
pressure, the possibility of catastrophic failure is almost inconceiv- 
able. Tests, including forced local failures deliberately started by 
impact, have confirmed that MULTILAYER Vessel construction will not 
shatter and that failure propagates only within individual layers. 

United States Navy Specifications 

The United States Navy Research Departments ate interested in 
testing components for submarines for deep water service. Ninety- 
seven percent (97%) of the oceans depths and area can be simulated by 
hydraulic testing for collapse pressures in the range of 10,000 psi. 
The deepest parts of the ocean, covering only 3% of the area, would re- 
quire double this pressure. 

Early in 1965, the Arctic Sciences and Technology Division of the 
United States Navy Electronics Laboratory at San Diego, California, 
asked CB&I to bid on the design and fabrication of a MULTILAYER Vessel 
to be used in conducting experiments simulating deep arctic sea condi- 
tion. Exhibit A- 2 shows some of the relevant bidding specifications 
for this vessel. The desired mechanical features of the vessel are 
shown in Exhibit A-3. 

Design Procedures 

The American Society of Mechanical Engineers (ASME) has written 
many rules for construction codes for both boilers and unfired pressure 
vessels. 

In 1911 the ASME set up a committee for the purpose of formulating 
standard rules for the construction of steam boilers and other pressure 
vessels. This committee is now called the Boiler and Pressure Committee. 
Its function is to establish rules of safety governing the design, the 
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fabrication and the inspection during construction of boilers and unfired 
pressure vessels, and to interpret these rules when questions arise re- 
garding their intent. In formulating these rules, the Committee considers 
the needs of users, manufacturers and inspectors of pressure vessels. 

Industry, engineering firms, suppliers and insurance companies are 
represented on the many code subcommittees, and final action is by the 
main committee. 

The safety of the public is the prime factor for determining the rules 
of construction and many states and municipalities in the United States 
have adopted or accepted sections of the Boiler and Pressure Vessel Code. 
This consideration usually determines the design stress basis. The sea- 
water test chamber is to be designed for a stress of the minimum ultimate 
strength of the material divided by four. Exhibit A-4 gives some informa- 
tion on the design formulas specified in Section VIII of the ASME Code. 

Although the type of shell construction specified in the Navy request 
for a bid is MULTILAYER, there are a number of ways to fabricate cylindri- 
cal shells for pressure vessels. Prior to the days of welding, this meant 
a large forging. The size of forgings though, is limited by the size of 
the ingot and the supplier's forging equipment. It is common today to use 
solid"wall construction for vessels having a diameter of six feet and over 
since presses needed to form the needed thick walled plates are now avail- 
able. 

Assignment for Student: 

1. Prepare a preliminary design (including sketch) for the seawater 
test chamber. 



2. Compare MULTILAYER pressure vessel design with that using solid 
wall construction. 



Exhibit A-l 
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SPECIFICATIONS FOR A CYLINDRICAL EXPERIMENTAL 
SEAWATER TEST VESSEL 



1.0 GENERAL: 

This specification describes the critical mandatory research and 
development features required for one Seawater Experimental Vessel, 50 to 
60 inch diameter, cylindrical, multilayer construction with hemispherical 
fixed end closure and a removable top end closure, monel lined, 10,000 psi 
operating pressure for use at the Arctic Sciences and Technology Division 
of the U. S. Navy Electronics Laboratory, San Diego, California 92152. 

1.1 A laboratory, high internal pressurized vessel is required for conduct 
of experiments simulating deep arctic sea conditions. The vessel in itself 
is highly R&D experimental and is a single, "one of kind" equipment speci- 
fically designed and fabricated for intended laboratory use in conjunction 
with the arctic experimental pool at the U. S. Navy Electronics Laboratory. 

1.2 The vessel shall have a multi- layer cylindrical shell section built of 
concentric layers of steel plate wrapped under tension and welded together. 
Bottom end closure shall be a fixed hemispherical closure. The top end 
closure shall be removable giving full access to the sylindrical test section. 
The vessel shall have a monel liner. 

1.3 The inside diameter shall be between 50 and 60 inches depending on 
cost and form of removable end closure. Each bid proposal must include 

the price of a vessel fo 50 inche inside diameter and the price of a vessel 
of 60 inch inside diameter. Final inside diameter will be determined at 
time of contract award. 

1.4 Because of the experimental character of the vessel, the form of 
removable end closure and fittings are not detailed. Therefore, each bid 
proposal must include a description of the following items which the bid- 
der will use: 

(a) Removable top end closure. 

(b) Access Port. 

(c) Bottom drain/fill connection. 

(d) Specifications of materials of construction. 

1.5 Each proposal should give estimated delivery time from date of con- 
tract award. 

1.6 Each proposal should quote F. 0. B. factory delivery. It is planned 
to ship vessel by Government Bill of Lading after inspection and acceptance 
at the factory by NEL Technical Advisor and Inspector of Naval Material. 

2.0 DIMENSIONS: 

The vessel shall be sylindrical type with a top removable end closure. 
The sylindrical working section shall be between 50 and 60 inches inside 
diameter and 120 inches in length from inside face of top removable closure 
to center of inside face of fixed hemispherical lower end closure. Final 
inside diameter will be specified in contract award. 
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3.0 OPERATING CONDITIONS: 

The vessel shall be designed for ah internal working pressure range 
of 5 to 10,000 psig and a working temperature range of 28°F. to 80°F. The 
working fluid is seawater of variable salinity, maximum 35 parts per thou- 
sand. 

3.1 The vessel shall operate in a vertical position, and the upper closure 
of the vessel shall be designed accordingly to permit clear access to the 
full inside diameter of the cylindrical test cross- section. 

3.2 The upper closure shall be an interrupted threaded type or clamp-ring 
type to facilitate removal and reinstallation. The weight of any component 
of the removable closure shall not exceed 15,000 lbs. (maximum working load 
of bridge crane operating over vessel.) 

3;3 Fittings to the vessel shall consist of three access ports, 5 inch in- 
side diameter, a 9/16 inch top vent, and a 1.5 inch inside diameter drain/ 
fill bottom connection, as indicated in attached sketch 3.31. The three ac- 
cess ports are located in the central horizontal plane of the cylindrical 
test section with 90° separation. 

3.4 The contractor shall provide design details of access ports and con- 
nections in the set of working drawings submitted for certification under 
Paragraph 8.0. The contractor shall recommend the form of the foundation 
to be used for the permanent installation of the vessel. (Note: the founda- 
tion to be used for the permanent installation of the vessel is not a part 
of this contract) . 

4.0 DESIGN AND FABRICATION: 

The vessel will be of multiple layer construction and shall be designed, 
fabricated and tested in accordance with the applicable provisions of the 
ASME Boiler and Pressure Vessel Code and shall be stamped "California Special". 
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Several design formulas and corresponding allow- 
able stress values are used throughout industry for de- 
signing vessels for extremely high pressures —beyond 
tfv standardizing influence of the ASME Code. 

e appropriate basis for designing multilayer 
Ve ;els was developed and proven through extensive 
tests. The many full scale vessels built and tested to 
destruction, in the most comprehensive and thorough 
research program of its kind, have confirmed the de- 
sign formulas without exception. 

The design information derived from these tests and 
the knowledge and experience gained in designing, 
building and testing multilayer Vessels is incorpo- 
rated in rach vessel to meet individual process and 
storage requirements. The safe design limits estab- 
lished through test and experience are never exceeded. 

Section VIII of the ASME Code specifies the use of 
the Lame Formula for determining the thickness of a 
vessel when the R/t, ratio is less than 2 

-"[a/I?!- 1 ] 

where 

t = wall thickness, inches 
R = inside radius, inches 
S — allowable unit stress on inside 

surface, pounds per square inch 
E = joint efficiency 

P = design pressure, pounds per square inch 



" For R/t's greater than 2, the Code formula is 

* ~ SE - 0.6P 

This formula approximates the Lame Formula for the 
higher design pressures where multilayer Vessels are 
particularly applicable. Consequently, the Lame For- 
mula is used over a somewhat wider range of pres- 
sures than specified by the Code. A joint efficiency of 
100 per cent is normally used in the design because 
the longitudinal welds in the individual layers of a 
multilayer Vessel do not line up in any radial plane. 
The joints in the inner shell are fully radiographed 
and the inner shell sections are postweld heat treated. 

Both the maximum stress on the inner surface, as 
determined by the Lame Formula, and the average 
stress at the burst pressure are of interest when select- 
ing an allowable stress level. 

Many of the more than 10,000 multilayer Vessels 
built have been designed using allowable stresses com- 
parable to those given in Section VIII of the ASME 
Code — 1/4 of Ihe ultimate strength of the material. 
Approximately 25 per cent of the vessels were designed 
by limiting the calculated stress at the inner surface, 
as determined by the Lame Formula, to 1/2 the yield 
strength of the material. The safety record of the 
multilayer Vessel, coupled with industry's need for 
economical vessels at higher and higher pressures, 
often dictates the use of a lower factor of safety against 



SUMMARY OF MULTILAYER VESSEL TEST 




The above photographs show a full scale multi- 100 per cent of the material strength. After an addi- 
layer Vessel 4% inches thick before and after testing to tional ten minutes of pumping to force complete fail- 
destruction. Test vessel was of the 1146B material and ure the burst started at the outer layers. The vessel 
evidence of local failure first appeared at the super- remained in one piece without fragmentation while 
pressure of 44,150 pounds per square inch, utilizing releasing 15 million foot pounds of stored energy. 



Tost#l 
Tost #2 



f mw w psi developed 
during bunt fust 

Vessel R/t rotio = 2.28 to 1 
— 3.68 to 1 



Stress Intensity In Vtut) 
Calculate* by 

5= — + — 
f 2 



Strtu in Vtutl Cakstloted 
by Lome Fonneie 

L(i+ib'-i . 



Strength of Layers psi 



Tost #1 At yield strength* 38,250 
At ultimate strength 44,150 



106,300 
122,700 



110,000 
128,000 



93,500 Average 
122,000 Average 



Test #2 At yield strength* 24,250 
At ultimate strength 27,900 



101,475 
116,650 



103,000 
118,000 



82,300 Min. specified 
110,000 Min. specified 



* Measured by volumetric chonge. 



TABLE 2 
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tat, particularly for the simple cylindrical shell. A 
i«*rge number have been built with a safety factor of 
3 based on the burst pressure. 

Figure 2 illustrates the limitations and ranges of the 
Lame Formula for inner surface stresses equal to 
1/4 the ultimate strength (Curve A) and 1/2 the yield 
strength (Curve B) of the 1146B material - 110,000 
minimum tensile strength. Curve D is based upon 1/3 
the bursting strength. Curve C, the vessel bursting 
pressure, is based upon the average stress intensity 

PR 4- P 

though the wall, S = — y , since this correlates 

more closely with actual bursting pressures than does 
the Lame Formula. The results of a burst test of a 
vessel fabricated of the 1146B material is summarized 
in Table 2 and plotted in Figure 2 to illustrate the 
validity of the calculated burst strength curve. 

multilayer Vessel construction utilizes a patented, 
prestressing system that assures full and effective par- 
ticipation of the entire vessel wall and permits the 
designer to extend the range in which the inner shell 
will be stressed elastically both during operation and 
test conditions. This prestress reduces the magnitude 
of the tensile stress at the inside surface for all R/t 
ratios. When the working pressure becomes extremely 
high (small R/t ratios) the reduction in stress provides 
► K e desired factor of safety without excessive wall 
eknesses. 

Circumferential stress-strain readings taken on the 
interior surfaces of multilayer Vessel cylinders show 
a progressively increasing compression in the inner 
shell during the wrapping and welding operations. The 
stress reduction realized through prestress is shown 
graphically in Figure 3 for a thick walled cylinder 



(R/t — 1) under pressure. The graphical representa- 
tion of the problem encountered with extremely high 
pressures shows the balancing effect of initial compres- 
sion on the inside and tension on the outside produced 
in multilayer Vessels. 

The stress distribution due to pressure without pre- 
stress is shown by the curve ABC. The maximum stress 

5 

occurs at point A and is equal to-^-p or 100 percent. 
Curve DEF represents the ideal prestress such that 
when it is combined with Curve ABC results in the uni- 
form stress of Curve GBH, equal to only 60 per cent of 
the maximum at point A or equal to P in this example. 
The precompression 
represented by the 
area IED equals the 
tension represented 
by the area EJF. 

When the working 
pressure equals or ap- 
proaches the allow- 
able stress, the Lame 
Thickness Formula 
alone is no longer ap- 
plicable for it then 
yields an infinitely 
thick wall. 

In this general range 
of pressures, a design 
approach that recog- 
nizes the initial pre- 
compression and the 
resulting safe average 
stress intensity be- 
comes necessary. 

of 2 
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Design of a Seawater Test Chamber 
at 

Chicago Bridge and Iron Company (B) 

The design phase of this project was the responsibility of the 
special Structures Engineering Department with Lester Pfeiffer assigned 
as project engineer. He is a mechanical engineering graduate of Marquette 
University and has more than twenty years of experience with both A. 0. 
Smith Corporation and CB&I. Associated with him on this project was Ewald 
Schmitz, a product engineer and machine designer who also came to CB&I when 
they obtained the rights and patents for MULTILAYER construction from A. 0. 
Smith. Ewald is a graduate of the Koethen Polytechnic Institute in Germany 
and has thirty-seven years of experience in pressure vessel design. 

The design and fabrication of shop-built CB&I MULTILAYER pressure 
vessels is governed by CB&I Standard 4400-1 (MLS-30) and is given in Exhibit 
B-l. Material specification standards 626-5002 and 626-1146 used for high 
strength low alloy steel are listed as Exhibits B-2 and B-3 respectively. 
These materials are proprietary and specially developed for MULTILAYER con- 
struction by a joint venture between CB&I and the steel supplier. The al- 
lowable stresses are usually based on 1/4 the ultimate strength of the mater- 
ials. 
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This case was prepared by Professors Karl H. Otte and Otto E. Widera of the 
University of Illinois at Chicago Circle during the 1967 Summer Institute on 
Case Methods. The Ins tutu te was supported by the National Science Foundation 
and held at the University of Illinois in Chicago. The cooperation of Messrs. 
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Guided by the Navy bid specifications and the CB&I specifications, 
Pfeiffer and Schmitz designed the test chamber shown in Exhibit B-6. 
Inspection of this drawing discloses the following noteworthy features: 



1. The inner shell which is in direct contact with seawater 
is 1/2" thick shell of SA225Gr B FB steel including a 
1/8" thick cladding of monel to resist corrosion. 

2. - The bottom end is a one piece forging having the inner 

surface coated with a 1/8 11 layer of monel for resistance 
to corrosion. The forging is made of #5002B steel strong 
enough to contain the specified pressure and at a lower 
cost than making multiple drawing dies for precisely 
fitting into a MULTILAYER head. 

3. The nozzle and other connections are #5002B steel lined 
with 1/8" monel sleeves and welded into the MULTILAYER 
shell from the inside. The shell is made thick enough 
to reinforce the opening so the nozzle need only resist 
the internal pressure in the nozzle. Their strength is 
adequate and no special forming tools are needed. 

4. The top cover is #5002B steel forging coated on the inside 
with a 1/8" layer of monel. It is supported on a shoulder 
ring and sealed against leakage with double monel gaskets 
as shown in the detail on the print. It is moved into and 
out of the top end of the tank by means of a crane sling 
hooked to suitable eyelets welded to the top surface of 
the cover. 

5. The forged top cover is locked into place by screwing down 
on it a forged retainer ring with interrupted buttress 
threads. This is a quick opening breech lock designed to 
free the buttress threads after a thirty degree turn of the 
retainer ring. The pressure transmitted to the top cover 
by the retainer ring and through the buttress threads to 
the forged and welded flange is applied perpendicular to 
two opposing flat surfaces of the buttress thread of the 
breech lock. 
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To quote Ewald Schmitz: "In ray opinion, the breech lock is the 
safest possible quick opening locking device. It must be quick opening 
because testing requires opening the top cover several times a day. It 
can be opened in a few minutes as compared with about two hours required 
for opening a bolted closure." 

Lester Pfeiffer added: "The alloy steel plate used in the MULTILAYER 
Vessel costs about 12 cents per pound as compared with 60 cents to 80 cents 
per pound for an equivalent forged vessel. In addition, the MULTILAYER Ves- 
sel is safer because destructive tests to bursting proved that a forged ves- 
sel fragments, but the shell of MULTILAYER Vessels tears inductile manner at 
failure. A inductile tear that initiates in a flaw in one layer will not 
continue to propagate through the vessel wall. Thus greater safety is ob- 
tained at lower cost. These tests have shown that wrapping the layers of a 
MULTILAYER Vessel pres tresses in compression each succeeding inner layer. 
The pre compress ion is not usually invorporated as a specified design feature." 

On acceptance of the CB&I bid by the Naval Laboratory, the proposal 
became the basis for the final contract. The final plan drawing of the 
test chamber is shown in Exhibit C-3a. Some of the design calculations 
are given in Exhibit B-5. 

The vessel was then assigned for fabrication. 
To the Student: 

1. What should be the fabrication procedure of the test chamber? 

2. What should the inspection and testing procedure be? 
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Exhibits 



Exhibit 1 CB&I Specification for MULTILAYER Pressure Vessels 

Exhibit 2 CB&I Specification for High Strength Low-Alloy Steel 

Forgings (5002) 

Exhibit 3 CB&I Specification for High Strength Low-Alloy Steel 

Plates (1146) 

Exhibit 4 Drawing of Test Chamber 

Exhibit 5 CB&I Specification Data Sheet for MULTILAYER Pressure Vessels 
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0.1 Scope: This specification covers general 
requirements for design, fabrication, inspection, 
testing, and shipping of shop-built CB&I 
MULTILAYER Pressure Vessels. Specific 
requirements for a particular vessel are shown on 
the CB&I Specification Data Sheet which forms a 
part of this specification. 



1.0 MATERIALS 

1.1 All materials shall comply with the material 
specifications listed on the Data Sheet. 

1.2 The inner shell, heads; and openings may be 
made of a suitable alloy plate, alloy clad plate, or 
alloy deposited plate to resist corrosion. 



0.2 Definitions: MULTILAYER Pressure Vessels 
are welded pressure vessels in which the cylindri- 
cal portion is made up of an inner shell and one or 
more contacting steel layers approximately 1/4" 
thick. The inner shell is defined as the inner 
cylinder which forms the pressure tight membrane. 

"CB&I" means Chicago Bridge & Iron Company. 
"Purchaser" means the person or entity entering 
into a contract with or giving a purchase order to 
CB&I. 

"Structure" or "Vessel" includes only that portion 
of a facility required to be furnished by CB&I in 
accordance with the contract or purchase order 
signed by the Purchaser. 

"Data Sheet" means the CB&I Specification Data 
Sheet for MULTILAYER Pressure Vessels. 

0.3 References: Any additional CB&I specifications 
listed on the Data Sheet form part of this specification. 
The latest revisions apply. Any additional require- 
ments in the Purchaser's specifications apply only 
when agreed upon. 

References to the Unfired Pressure Vessel Code 
(UPV Code) of the American Society of Mechanical 
Engineers (ASME) and to specifications of the 
American Society for Testing and Materials (ASTM) 
refer to the latest published revision of or addenda 
to these documents in effect on the date of the Data 
Sheet. 



2.0 DESIGN 

2.1 Section 2.2 gives formulas for determining 
cylindrical shell thickness and Section 2.3 gives 
formulas for determining hemispherical head thick- 
ness. The stress basis and welding joint efficiency 
(E) shall be os specified on the Data Sheet. 

In these formulas: 

t = thickness — in. 

P = desigrw pressure — psi 

R = inside radius before corrosion allowance 
is added - in. 

S = maximum allowable stress corresponding 

to the design temperature - psi 

E = efficiency of the total shell thickness as 

taken on a section cut by a plane containing 
the vessel axis and any joint, or efficiency 
of the total hemispherical head thickness 
at any joint. 

2.2 Cylindrical shell thickness: 



t = 



PR 



SE - .6P 



UPV Code 



1 



Lame 



(i) 



(2) 



When special design requirements, i.e. very high 
pressure, make it desirable to utilize the inherent 
compressive prestress in the inner shell, the value 
"SE" may be increased by the amount of this pre- 
stress when calculating the required thickness by 
Formula (2). 
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2.3 Hemispherical head thickness: 



PR 



UPV Cade 



(3) 



t = 



2SE - .2P 




N 2SE - P 



3 2(SE + P) 



'-- 1 



Lame 



(4) 



2.4 Fittings: The type af fitting used shall be as 
designated on the Data Sheet. Reinforcement shall 
be provided as required by the UPV Cade. Far 
openings in MULTILAYER shells the reinforcement 
shall be integral with the neck af the fitting and/ar 
shall be material provided by additional layer bonds 
having widths equal ta at least twice the diameter 
of the opening. 



2.5 MULTILAYER shells shall have hales 



drilled radially fram the autside af the vessel ta 
the inner shell. Each layer plate shall be pene- 
trated by twa drilled hales. The hales shall nat 
penetrate the inner shell. 
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4.0 WELDING PROCEDURE QUALIFICATION 

Test plates for the qualification of welding procedures 
shall be made and tested when required by a change 
of any of the variables listed in Paragraph Q-l 1 of 
Section IX of the ASMF Code. 



5.0 WELDER QUALIFICATION 

Welding shall be performed only by welders and 
welding operators who have qualified for the pro- 
cedure to be used as outlined in Paragraoh Q-22 of 
Section IX of the ASME Code. 



7J0 STRESS-RELIEVING 

7.1 The completed vessel shall not be stress-relieved 

7.2 The inner shell, head assemblies, and other 
sub-assembly details may be stress-relieved when 
specified on the CB&I drawings. 

7.3 Sub-assemblies requiring stress-relief shall be 
stress-relieved after any weld repairs have been 
made, except that if such parts have been welded 
into the vessel, peening may be used in place of 
stress-relief by heating. When peening is done, each 
weld layer except the first and last shall be peened 
to minimize shrinkage. 

8.0 MACHINING 

Inside and outside surfaces of the MULTILAYER 
shell section will not be machined, unless otherwise 
specified on the Data Sheet. 



6.0 RADIOGRAPHIC EXAMINATION 

6.1 All longitudinal welded joints of the inner shell 
(before application of layers) shall be examined 
throughout their entire length by radiography. 

6.2 After the heads or flanges have been welded to 
the inner shell with welds having a radial thickness 
equal to the thickness of the inner shell, the circum- 
ferential welds shall be given a complete 
radiographic examination. 



9.0 TOLERANCES 

9.1 Vessel tolerances shall meet the applicable 
requirements of the UPV Code unless modified by 
the CB&I drawings. 

9.2 Unless otherwise specified on the drawings, a 
rough finish to 500 microinch with a round nose tool 
on all machined surfaces shall be acceptable. All 
unmachined surfaces shall have a workmanlike 
finish consistent with good commercial practice. 



6.3 The radiographic technique for 6.1 and 6.2 shall 
be in accordance with the UPV Code and acceptance 
standards shall be governed by the requirements of 
this Code. 

6.4 Films required in 6.1 and 6.2 will be retained 
by CB&I for a period not less than 5 years and will 
be made available for inspection by the Purchaser 
upon demand within that period. 



10.0 TESTING 

A hydrostatic pressure test shall be made on the 
completed vessel at the pressure specified on the 
CB&I drawings. The test liquid shall be water at 
60 °F minimum. 
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11JB INSPECTION 

11.1 CB&I will allow the Purchaser access to work 
in process and will furnish reasonable facilities to 
determine that the work is in accordance with the 
CB&I drawings and this specification. 

11.2 The Purchaser's inspector will arrange to 
conduct his inspection work and render his deci- 
sions within a reasonable time so as not to inter- 
fere with the schedule af wark. 

11.3 All questions relating to inspection and 
acceptance of the vessel by the Purchaser shall 
be communicated ta the CB&I Quality Control De- 
partment. 



13.0 PAINTING 

The vessel will not be painted except when speci- 
fied on the Data Sheet. Painting, when required, 
shall consist of one shop coat on the exterior of the 
vessel unless otherwise purchased by Purchaser. 

14.0 SHIPMENT 

14.1 The interior of the completed vessel shall be 
reasonably free from slag, scale, weld dropping s, 
and other foreign matter before shipment. 

14.2 All machined surfaces and threads shall be 
protected during shipment by application af grease 
or a suitable compound. 

14.3 All open nozzles, couplings and manways 
shall be closed with covers or plugs. AM studs 
shall be left assembled in place on the vessel. 

14.4 The vessel will not be baxed, crated, skidded 
or covered for shipment unless specified on the 
Data Sheet. Bolts, nuts, spare gaskets and other 
loose parts will be boxed or crated to prevent loss 
or damage in transit. 



12.0 DRAWINGS 

Unless otherwise specified by the Purchaser, CB&I 
will furnish as soon as possible after receipt of 
order and all necessary information, preliminary copies 
of the CB&I assembly drawings. Upon Purchaser's 
approval, final assembly drawings will be furnished. 
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Specification for 
HIGH STRENGTH LOW-ALLOY 
STEEL FORGINGS (5002) 



0.1 Scope: This specification covers three grodes of 
high tensile strength, low-alloy steel, heot treated 
and machined forgings. These forgings ore intended 
for heads, fittings, covers, plugs and other ports of 
pressure vessels* 



1.0 PROCESS 

The steel shol! be mode by the open-hearth, basic 
oxygen, or electric furnace process. 



2.0 MANUFACTURE 

When semifinished steel is used to process these 
forgings, it shol I conform to the requirements of the 
current edition of the Specification for Alloy Steel 
Blooms, Billets and Slabs for Forgings, ASTM A 274, 

Forging operations may be performed either by hommer- 
ing, pressing, rolling, extruding, or upsetting. Forging 
shall be brought as neorly os procticable to the finished 
shape ond size by hot working throughout the section. 
Forging sholl be so processed os to couse metol flow 
during the hot working operotion in the direction 
most favoroble for resisting the stresses to be en- 
countered in service, when the CB&I purchasing 
drawing indicates the direction of mojor stresses. 



3.0 MACHINING 

Unless otherwise specified, oil surfaces of the for 
ging shall be mochined to o surface roughness not 
exceeding 500 microinches. 
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Specification for 
HIGH STRENGTH LOW-ALLOY 
STEEL FORGINGS (5002) 



8.0 RET EST 

If the results of the mechanical tests do not conform 
to the requirements specified, the manufacturer may 
reheat treat the forgings, but not more than three add- 
itional times. Retests shall be made in accordance witf 
with Section 7.0. 



9.0 QUALITY 

Forgings shall be free from injurious defects and 
shall have a workmanlike finish. 



6.0 MECHANICAL PROPERTIES 

The material shall conform to the requirements in 
Table 6.0 when tested in accordance with the current 
edition of Methods and Definitions for Mechanical 
Testing of Steel Products, ASTM A 370. 



10.0 REPORT OF TEST 

Furnish a certified test report showing chemical com- 
position, mechanical properties end heat treatment 
practice to the Purchasing Department at the Chicago 
Bridge & Iran Company office from which the arder 
was received. 



Table 6.0 Tensile Requirements 





Grade A 


Grade 8 


Grade C 


Tensile Strength, min, psi< 

Yield Strength, min, psi* 
Elongation in 2 in., min 
Reduction of Area, min 


80,000 to 
100,000 
51,000 
18.0% 
35.0% 


85,000 to 
105,000 
56,000 
18.0% 
35.0% 


95,000 to 
115,000 
65,000 
18.0% 
35.0% 



*0.2% offset or 0.5% extension under load. 

7.0 TEST SPECIMENS 

Tension test specimens shall be tangential, unless 
impracticable for small forgings ar otherwise speci- 
fied, and shall be taken from material in the heat 
treated condition. The test specimen shall be taken 
from a representative forging or from a prolongation of 
the forging as indicated an the CB&I drawing or in 
ASTM A 370. 

Unless otherwise specified, ane tension test shall be 
made from each heat in each heat treatment charge. 

When specified, one tension test shall be make far 
each forging. 



11.0 MARKING 

Each forging shall be legibly stamped with the name of 
the manufacturer, the manufacturer's test identification 
number, the identification number 5002 followed by the 
letter A, B, or C indicating the grade specified, and the 
CB&I piece mark. 



CHICAGO BRIDGE & IRON COMPANY 



OAK BROOK, ILLINOIS 



2 of 2 



Exhibit B-3 



ECL 92B 



Specification for 
HIGH STRENGTH LOW-ALLOY 
STEEL PLATES (1146) 



0.1 Scope: This specification covers high tensile strength, low-alloy 
steel plates of flange quality, made to fine grain practice, for use in 
fusion welded tanks and pressure vessels. Plate thicknesses range from 
,180 thru .580 in. for grade A. 

..0 GENERAL CONDITIONS FOR DELIVERY 

Material furnished under this specification shall conform to the ap- 
plicable requirements of the current edition of the Specification for Gen- 
eral Requirements for Delivery of Rolled Steel Plates of Flange and Fire- 
box Qualities, ASTM A 20. 

2.0 PROCESS 

The steel shall be made by the open-hearth, basic oxygen, or electric 
furnace process. 

4.0 TENSILE PROPERTIES 

The material as represented by tension test specimens shall conform 
to the requirements in Table 4.0. 

► Table 4.0 Tensile Requirements 





Thickness Range, in. 


.130 
thru .375 


Over .375 
thru .580 


Tensile Strength, psi 

Yield Strength, min, psi 
Elongation in 2 in., min 


105,000 to 
135,000 

70,000 

22.0% 


100,000 to 
130,000 

66,700 

22.0% 



o 



5.0 BENDING PROPERTIES 

Bend test specimens shall stand being bent cold thru 180° to an inside 
diameter that is 3 1/2 times the thickness of the material, without crack- 
ing on the outside of the bent portion. 



6.0 TEST SPECIMENS 

Test specimens shall be prepared from material in the as-rolled con- 
dition. 

7.0 NUMBER OF TESTS 

One tension test and one bend test shall be made from each plate as 
rolled. 

8.0 REPORT OF TEST 

Furnish a certified test report showing chemical composition, and 
mechanical properties to the Purchasing Department at the Chicago Bridge 
& Iron Company office from which the order was received. 

9.0 M/ KING 

As provided in ASTM A20, each plate shall be painted or stenciled 
with the letters "NIV" in addition to the regular marking. 
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SPECIFICATION DATA SHEET for MULTILAYER* PRESSURE VESSELS 

Vossol Id bo constructed In oc cord one* with CB&I MULTILAYER »rotouro Vossol 
VmmI will bo Insurance intpoctod but not cod* itamood. 

* Trodomork of A.O. Smith Corporation 1 1 con sod to Chi coo© Sridoo 4 Iron Coorpony. 



4400-1 (Sooclfieotfoo ML&»30)» 



MULTILAYER VESSEL DATA 



utr CB&I Dwgs. 



,1,2,4,5,6, 7 & 8 



OKSION CONWTIONV 
DEStON PRESSURE *® » Q"Q »«■ 
DESIGN TiUtMATHM 28 tD 8)»« 
HYDRO TEST »»«QPii»» 15000 



working pressure* 
workino temperatur 
corro 

welding ep pict enc y 



. PS1 



40 TOIPIHATUHI_ V 

SL5 * 



YrftcM iamA on Min 
lilt. Ifinalle 



JACKET) reqo 

OIMON PRItSUMC 

OESION TEMPERATURE. 



Y«« □N0jp 



DESCRIPTION* 



INSIDE DIA. 



60 



ti 



IHILL THK . 16-507 

HEADS. *« CLL1P | | H EMI g£] 



00. 



7.53 



. MIN 



.MIN 



TO* HEAD THK « 
EOT HEAD THK. 

CONSTRUCTtONi 

STRESSOR ELI EVE LONO.JT INNER BHELL 
ONLY EEFORE WRAPPING VES{X]NOQ 
RADIOGRAPH LONfl. JT INNER SHELL 
ONLY EEPORE WRAPPING Y«4ClD HO C] 
PITTING RATINO — _ 



pto type Special , 



ptg pacing Grayloc 



1/8 Monel Clad on 



MATERIALS 

INNER MILL 
SHELL LAYERS 
TOP HEAD 5002 R CnTVrl) 

EOT HEAD 5QQ2 B do 



A225 GR B 



EOT PL ANOE , 



5002R do 



foft&fr T,nrk mn?B (rn&;: 

snn?* (rnx-T) 

J ACK (T 



SUPPORTS. 



A1S3 GR C 



STUDS ASTM AISS OR E? 
NUTS ASTM Att4 OR 2 

gaskets Neoprprif 



rings ft nilvfir plated 



mnnpl 



) 



EQUIPMENT FURNISHED BY CB&I 



BOLTING FOR NOZZLES YES f£)NO Q '] 
•OLTING ft OASKETS POR MANHOLES 
AND ELINO PL ANO El YES[J|NO Q 
NO. Of SETSOP GASKETS 



VESSEL PAINTED YES QQ NO □ 

SUPPORTS YES fy l NO | | 

tv-> Bottom HeaH 



MANHOLE DAVITS v *»0 NO 00 

LADDER ft PLAT CLIPS YESQ NO R7] 
INSUL RINGS OR CLIPS YKS[ ) NO ( 



TYPE OF VESSEL: 

PURCHASER: 

DESTINATION: 



Test Chamber 

U.S. Navy Electronics Lab. 
San Diego, California 



CAPACITY: 
NO, REQOl 1 



REV DATE 



MMkKKI 



Supports, gaskets 



DATE 5"Y 
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Lam/ Design Calculations 
MULTILAYER SHELL AND 
HEMISPHERICAL HEAD 



STANDARD 4402-1.1 

Distr 7a Pag* 1 

4-3044 



DESIGN CONDITIONS 
P J&,t*?& p ,j 

T = Z&fcia ** 



Str...B«.i. = 4-c*J <JT$ 



Cc.TOiion Allowance = 

A/oug ( CA) 

Filler Loyor^FL) No □ Yes E3 t PL = 

Fill or Loyer Channeled No 

&f Yo. □ 





Layers 


Inner Shall 


Hood 


Material 

JTS § Room Tamp 
YS @ Room Temp 
Sg 'F 










7fT^=> 












A* If? (Si) 


(Sh , 


Thickness (lots clad) 









1.1 Whon innor shell is included in thickness required: 

1.2 Whon innor shell is not included in thicknoss required: 

cf - *t ' » n. - ( >-r-( r— « 



1.3 



V | M >p _ \i (^4s> >(/^3^r . \fTTT^ \ - / *S z f<t- 

N"^etp -\|(^f3fi)-(/c?^T - \n -'S»^r ; 



s) 



Does*, 



10 HEMISPHERICAL H EAP 6*£ . C . ^TX Z /Z*0<< ftx. tGp6& 



Vossol: <ey/^g- 7^ST C±f£Mg*g_ Estimator 

Cusfomor: U^^/^- i- Contract: 3^C?/ 



Location: <*A^ £>P 
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_ By:__gj~__ Dato: 7~&'^ 
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Lam* Design Calculations 
MULTILAYER SHELL AND 
HEMISPHERICAL HEAD 



ECL 92B 
STANDARD 4402-1-1 



Distr 7a 
4-30-64 



Pooal 



DESIGN CONDITIONS 
P p.; 
T £&TbgO «F 



Stress Basis = <d C*J UTS 



Corrosion Allowance = NQNZ t (CA) _ 
Fillar Loyer^FL) No □ Y*« Jjtf t rL ^f^^j 

Filler Loyar Chonnolad No Y*» □ 



Material 

UTS 0 Room Tomp . 
YS @ R 9° m Tomp 
Sg »F 
Ttikknoss (loss clad) 



Layer« 



TZg-jg Big 



AsTM Inner Shell ft/2, ~7 




Head 




( s M ) 



1.0 SHELL 

1.1 When inner shell is included in thickness required: 



>>^When inner shell is not included in thickness required: 
CP ■ *i I h f L _ ( 



1.3 



t 10 



vl S L E e P . \ pZ<*flW * (/g^T = v|/ ~ \ . l.StW 



USE 



Vessel: _ 
Customer: 
Location: 



/•ir Vt^gg E.timote: 
Contract: 



._ By: 



7^ 



Dots 
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CHICAGO BRIDGE & IRON COMPANY 



CENTRAL REGION ENGINEERING DEPT. 




i 



\ 

vl 

3 



viii4D load 




Bu>& cope *«-t- 23(+, nwWvei«l 
Fp - LATEX FaRCf 
* «Cp\Jp 



/?pfi^Ti^ mo^ut,/^- 2.10* (?.?o') ^> M s *„„^ 
A(o AaJCH-OR. ~BcLTS ftE^'o BvT" 

TO PROV/Pe ^Tfy^iUTy For ptpiNG, , A>se7vjj3Ly 

(ton^lk? AtJcHcK &c*~rs> #a/ ouTfipe- cp p^rn^i tie ftp * 
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Fabrication of a Seawater Test Chamber 

at 

Chicago Bridge and Iron Company (C) 

The fabrication of this test chamber, as well as many of the other 
products of the Company, is a "one of a kind" project. Consequently, the 
quality of workmanship depends mainly on manual control of suitable or 
standard machine tools rather than production line equipment. 

The general procedures used in the fabrication of the test chamber, 
in the order which they are performed, are as follows: 

1« Layout of plate work. 

2. Cutting and scarfing. 

3. Rolling and forming. 

4. Small pieces such as ports for instrumentation, filling, drain- 
ing, and controlling pressure are made in detail shops in side 
bays . 

5. Welding. 

6. Final assembly: shell to shell, connections to head, head to shell. 

7. Attachment of bottom skirt. 



(c) 1968 by the Board of Trustees of the Leland Stanford Junior University, 

This case was prepared by Professors Karl H. Otte and Otto E. Widera of the 
University of Illinois at Chicago Circle during the 1967 Summer Institute on 
Case Methods. The Institute was supported by the National Science Foundation 
and held at the University of Illinois in Chicago. The cooperation of Messrs, 
Roger Reedy, Lester Pfeiffer and Ewald Schmitz of CB&I is gratefully acknowledged, 
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8. Adequate non-destructive radiographic inspection is 
made of the girth seams and the longitudinal seams 
are Magna- flux with magnetic particles. Forgings are 
inspected for cracks, porosity, and imperfections by 
ultra- sonic methods. 

9. The final pressure test at 150% of design pressure 
for the normal design stress. 

Exhibit C-l shows the Manufacturer's Data report and describes the 
pressure testing of this vessel as witnessed by an inspector employed 
by CB&I and an inspector from the Hartford Steam Boiler Insurance and 
Inspection Company. It is required by law that the copies of this 
report be held in the files of the manufacturer, the purchasers and the 
Hartford Company for at least five years from the date of the test. 
This is considered a reasonable time period for uncovering any defects 
in the vessel. 

Although pressure vessels may be expected to have a normal life of 
at least twenty years, they are subjected to frequent internal and external 
inspections. These inspections are made to determine whether corrosion or 
other deterioration or damage requires repair or condemnation of the vessel. 

Exhibit C-2 gives the General Instructions for Top Cover Closure 
and describes the exact steps to follow in Assembly and Disassembly of 
the Top Cover Closure. It is essential that these steps be followed 
carefully in order to avoid questionable procedures that may nick, scratch, 
or damage the cover and result in failure of the vessel. 
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To the Students: 

1. Can you suggest any improvements in this method of sealing the 
cover? 

2. How do you think that your suggestion, if any, will affect the 
cost of the pressure vessel? 

Note to the Student : Exhibit 

should be studied and analyzed in detail. After you have studied them, 
you should be able to discuss the following questions: 

1« What changes or improvements can you sugest? 

2 # Why do you think they are desirable? 

3. How would they affect the cost? 

Exhibit C-4 is a set of photographs showing the Top Cover being lowered 
into place. Note: the light colored scuff blocks for preventing damage 
to the cover and buttress threads while the cover is being lowered into place. 
Exhibit C-5 is a set of photographs showing the Retaining Ring being lowered 
into place above the Top Cover. Note: the relative positions of the but- 
tress threads of the Ring and Breech. Neither of these series of photo- 
graphs show the gaskets for sealing the cover and ring. Nor do they show 
clearly the small pitch of the thread which produces a wedging and sealing 
action. Exterior views of the vessel are shown in Exhibit C-6. 
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Exhibits 



Exhibit 1 
Exhibit 2 
Exhibit 3a-f 
Exhibit 4 
Exhibit 5 
Exhibit 6 



CB&I Manufacturer's Data Report for MULTILAYER Pressure Vesse 

General Instructions for Top Cover Closure 

Drawings of Seawater Test Chamber 

Photographs of Top Cover being lowered into place 

Photographs of Retaining Ring being lowered into place 

Exterior views of the vessel 
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Cn.CAOO BRIOOE k IRON COMPANY 

MANUFACTURER'S DATA REPORT for MULTILAYER PRESSURE VESSEL 



I Manufactured by Chicago Bridga & Iron Company, Chicago, Illinois Yaor 1966 cr*.i r.«k.«. 



2 .MW.ct«red for P^. Navy Electronics Lab., Sa 

H244 

3 Mfr*s No. Inspection Agency No. Z Stote & State No. 



nDlego, <anj» t ... order No 5 ^ 7A 



4 Shell. Inside Diameter. 
4 Inner Sh* 11 ' Thickness 



1/2 ■ Mot . fi ,, and solid Monel (SB127) Min T & , ^0500 f . 8 

t oyf | 5 # 1/ 4 » 4 49 # 9/32 • Material. CB & I U46 M.oT.Sa 10$,00Q P .i 

S Loaf. W«U Joints. Inner Sholl Double Butt Layers - Single Butt Backed up by Adjacent Layer* 

* Clrcmnlerontlel Wold Joints. Double BUtt No. of Multilayer Shell Courses 1 

7 Jeckett Inside D I emptor ~ Length Thickness , . 

Leaf Itudinel Joints CifgumLrniitial Joints 



I Heed.. TeperOneEno. Thk 6-7/8* M « tf CB&I 5002B Do,cnotion HEMlS (Removable) 



Bet or Opp Ends Thk 8* - CB&I 5002B r»..,,; P , ift . HEMIS, Inside 



Buttress interrupted" 
M cemovobu, bolting Threaded retainihg ring w^^n CB&l S002B 



it romovooio, oomng Tnreaaeq regaining ring Hine-Moti 

or method of fastening ^ 
• Rodlogrephic Inspections Inner Shell Joints: Long. - 100% Circum. - 100% 



Magnetic Particle Inspect each layer long* seam 



10 Ports Stress-Rellevod Controlling Thickness Tomperature Holding Time 

^ Clad inner shell 3/4 ifl# 1150 * F 3/4 Hf 

?PttOTl.& TOP Hflfld 3/4 iri . 975 -f 4 ^Hr 
"Shell Nozzles 1/8 Monel Overlay 975 4 

11 Fittings. Locetion No. Size Motoric! of Neck or Reinforcing 

NMlUi h## «. _2 9/ie%_lV* SB164 (Monel) , Intergral 

H.....S Sh.ll _J 5: CB&I 5002B & 1146 . 

Hendholes or Si gh tholes , ■ 



Monholes Heeds 
Manholes Shell 



1 



12 Mox Allowoble Working Pressure IQj OQQ psi Circum Design Stress 26250 — (layers) — P*'* 



Am Temp (New & Cold) . - 

lydro static Test Pressure i3 f UVV P»« Circum Test Stress^_±£±^i 

14 Ve.s.l Constructed for Pressure of 10 f 000 ptl ot 28 tO 80. F Corrosion^" or^ l/8"Monel. 

15 »u Seawater Test Vessel TyD . x Horix ^v. r t^ 

*Does not Include 1/8 Monel weld deposit 

We certify the obove dote to be correct ond thot oil details of design, material, construction, ond workmanship on this 
MULTILAYER Pressure Vessel coeforr^fJ CBS.I StaoeWd 4400-1 (Specification MLS-30). 

J m /4/ 0m &7 Sign» ^?f f^tf<d i J ^ ^g^t^ r Y^ r ^ i l st^ f for Chicago Bridge & Iron Company 



Oete. 

I hove Inspected the Multilayer pressure Ve^se* described in this Data Report and state that to the best of my knowledge 
end belief this vessel conforms to CB&I Stertderd 4400/J?(Specification MLS-30). 

r,... ;W<A£ 7 », tB .. tt jSClZ/fp..^ Hartford Stea m Boiler I & I Co. 

INSPCC TOW / INSPHCTION AOENOOf JCOnn ♦ 

t NOTEt By signing this Manufacturer's Dote Report neither the inspector nor his employer mokes any warranty, expressed or 
implied, concerning the object described. Furthermore, neither the inspector nor his employer shail be liobie in ony manner 
for eny persenel injury or pro ported eme go or o loss of ony kind orising from or connected with this inspection. 
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GENERAL INSTRUCTIONS 
FOR 

TOP COVER CLOSURE 

A double "O" ring gasket closure is provided on the 
periphery of the top cover. Sealing of the closure is ob- 
tained by the rotation of a gasket holder ring (by unbalanced 
differential pressure both radially and axially) which 
Contains the grooves for two rubber "O" rings/ the "O" 
rings provide a static seal which in turn permits the 
rotation of the gasket holder. The sea.1 is maintained by 
the pressure. 

Care must be taken during all phases of assembly that 
all internal machined surfaces are clean and free from 
foreign materials, nicks; and scratches. 

Thread lubricant shall be moly kote or equal and shall 
b4 free of all foreign material. 

A . EQUIPMENT NEEDED : 

1. All vessel parts are assumed furnished, 
inspected and ready for assembly. 

2 • Provide cleaning solvent and lubr ic&nts . 
Thread lubricant shall be moly kote or equal. 

3. Threaded ring must be assembled using a 
crane scale and hand chain hoist. Ring weight 
i» about 8 tons. 

ASSEMBLY PROCEDURE : * 

t. Clean threads and gasket surfaces of top end 
flange. Inspect gasket sealing surfaces for nicks 
and scratches. 

2. Apply thread lubricant to threads in vessel. 
3* Clean top head gasket areas. 

4. Lower top head assembly with bearing pads 

in slots of end flange. Care must be taken in this 
operation so that the gasket or threads are not 
damaged . 

HQTE ; 9/16 ^ connection must be open to allow 
entrapped air in vessel to escape. 

5. Clean and lubricate retainer ring, threads 
and bottom bearing surface. 

6. Using chain hoist and crane scale, lower ring 
into end flange slots. Orient retainer ring so 
retainer ring locking bracket is 30° counterclockwise 
from end flange locking bracket. 

MOTE: Record weight of plug prior to assembly. 
Mairftain as close as possible, the ring weight on 
the scale throughout tfce threading operation. 
Vith the retainer ring resting on the bottom thread 
of the flange, rotate the retainer ring 30° clockwise; 
lock with locking device. 
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C. DISASSEMBLY PROCEDURE : 

1. Remove locking bar. 

2. Attach lifting rig, hand chain hoist, and crane 
scale. Pull up with hoist until recorded weight 

of the threaded ring shows on scale. Maintain 
this weight reading on the scale as the ring thread 
is rotated counterclockwise 30° into the longi- 
tudinal slots of the end flange. Lift & remove 
retainer ring . 

3. Open the 9/16 0 connection to prevent vacuum 
in the vessel which would hold head in place. 

4. Lift and remove top head. 

"5. Thoroughly clean and dry all separate 
parts and vessel proper. 
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